Relatively few papers have examined specific causes for Medical Emergency Team (MET) review and the assessment and management undertaken by the MET. The aim of our study was to describe the type of patients who require MET review, the reasons such reviews are requested and the subsequent immediate management of these patients. Our prospective singlecentre observational study was conducted in a university-affiliated tertiary hospital in New Zealand between October 2012 and September 2013. Each trigger for MET review was assessed separately to allow analysis of the main associated underlying conditions and interventions. Seven hundred and ninety-five MET calls were generated for 630 patients. Mean patient age was 64 years. Sixty percent of all calls involved medical patients. There was a marked diurnal variation in the incidence of MET calls, with MET calls more likely during the daytime and evening compared to the night. The most common triggers for MET calls were an unresponsive or fitting patient (25.2%), tachycardia (24.2%), and an Early Warning Score of 8 or more (22.8%). Neurological causes (30.7%), cardiovascular failure (hypotension, pulmonary oedema) (26.7%), respiratory failure (22.6%), and sepsis (19.2%) were the most common underlying conditions. One of these top four conditions was present in nearly all patients (99.2%). The majority of MET calls were made for a relatively small number of underlying conditions and triggers, supporting the concept of 'MET syndromes'. The pattern of interventions is predictable from the triggering condition. This may guide education and training of ward staff to improve detection of deteriorating patients and prevent or pre-emptively manage causes of such deterioration prior to MET criteria being reached. The association between time of day and crisis recognition suggests the hospital system does not reliably detect deteriorating patients. This questions the adequacy of monitoring of deteriorating patients on hospital wards.
Medical emergency team (MET) and rapid response systems have evolved over the last 15 years to meet the needs of deteriorating hospital inpatients 1 . Most systems rely on physiological derangement detected through vital sign measurement, leading to an increasing Early Warning Score (EWS). It is intended that this 'afferent' limb of the rapid response system is matched with an appropriately escalated 'efferent' nursing or medical response according to the patient's needs, so escalating their treatment with the intent of preventing further deterioration. Modifications of this system may use a single extremely deranged vital sign to escalate treatment or accentuate the use of 'staff concern' to achieve the same effect.
Although such systems are well described in the international literature [2] [3] [4] , little is known about MET activations within New Zealand hospitals. Systems based around EWS have been associated with a decreased incidence of in-hospital cardiac arrests in a tertiary New Zealand hospital 5 , but there are large disparities within the calling criteria used to detect deteriorating patients 6 and the resources available to respond to them across the country 7 .
It has also been shown that MET review increases 'limitation of medical treatment' and 'not for resuscitation' rates 8, 9 , although there is some suggestion that this may not be associated with an improvement in end-of-life care 10 . Previous analyses of MET databases have suggested the concept of the 'MET syndrome', where clusters of common precipitating conditions triggering MET review have been identified 11 . Studies looking at MET epidemiology have identified a circadian rhythm around MET activation that suggests human factors have a greater role in the detection of disease than any clinically apparent pathological process 12, 13 .
Numerous papers have analysed the efficacy of the MET. Relatively few have examined patient characteristics and specific causes, and even fewer have looked at the assessment and management undertaken by the MET 14 . This study describes the type of patients who require MET review, the reasons such reviews are requested and the subsequent immediate management of these patients by the attending emergency team. Outcome data were also collected during this study, however this is beyond the scope of this paper.
Materials and methods
This prospective single-centre observational study was performed in a university-affiliated 450-bed tertiary referral hospital serving central New Zealand. The hospital contains a single mixed medical and surgical ICU with 18 beds operating under an intensivist-led closed model with resident junior staff and round-the-clock senior staff availability. Data were collected for one year between October 2012 and September 2013. EWS and MET calling criteria were standardised across all acute inpatient areas in June 2011.
The MET consists of a Patient At Risk (PAR) nurse and trainee doctors from both intensive care and general medicine who respond immediately to activations 24 hours a day, seven days a week. The MET can be activated by any member of hospital staff and is triggered by any of a single extreme vital sign parameter (for example, a respiratory rate less than 5), a composite high EWS (a total of 8 or more), or due to staff concern. The underlying diagnoses made at the MET calls were based on clinical impressions by the attending doctors and not on the basis of any explicit criteria. The same team attends both medical emergencies and cardiac arrests. While most MET activations are made for deteriorating adults, the same team also attends emergencies in the children's hospital, although the paediatric variant of the EWS had not been introduced at the time of this study. Data were collected using standardised paper case report forms 15 completed as soon after the MET call as possible by the attending PAR nurse. All data were entered into an Excel spreadsheet (version 15, Microsoft Corporation, Redmond, WA, USA) and the results calculated in Excel. Data analysis was also performed using Stata Statistical Software (Release 13, Statacorp LP, College Station, TX, USA). Missing data from the case report form were excluded from the analysis and are displayed in further detail in the results section. The study was registered and approved by the hospital's clinical audit committee prior to commencement.
Results

Baseline characteristics
Seven hundred and ninety-five MET calls were generated for 630 patients during the study period. Five hundred and ten patients (81%) received one MET call, 95 patients (15%) received two and 25 patients (4%) received three or more. Missing data on baseline characteristics were present in 2% of cases with a range of 0% to 4%. The least completed data fields were caller and admitting specialty with 96% and 98% completion rates, respectively.
The median patient age was 69 (IQR 53 to 80). Patients admitted to medical wards were responsible for 60% of calls, surgical 35% and other specialties 5%. The MET was most commonly activated by the ward staff nurse (83%), followed by the PAR nurse (7%), and the ward nurse in charge (5%). Doctors made 4% of MET calls and other members of hospital staff made 1% of calls.
There was a marked diurnal variation in the incidence of MET calls, demonstrating an association between time of day and recognition of deterioration ( Figure 1 ). The first peak in calling incidence coincides with the start of the medical shift at 0800 hours with MET activation dropping to a lower level at night time. A MET call was more likely during the daytime (0800 to 1600; odds ratio 1.47, CI 1.20 to 1.80, P=0.002) and evening (1600 to 2400; odds ratio 1.40, CI 1.14 to 1.72, P=0.0012) compared to the night (2400 to 0800).
The incidence of MET calls per 1000 admissions increased from 30.3 to 44.3 during the 12 months of the study period. The rate of cardiac arrests declined during the same period from 0.23 to 0.085 per 1000 admissions (Figure 2) although this drop was not statistically significant (0.37, CI 0.072 to 1.904). The median time from admission to MET call was two days (IQR 1 to 6). 
Triggers, underlying conditions and management
Eight hundred and eighty-three triggering parameters were documented for 795 MET calls (1.11 MET triggers per patient). The first set of vital signs obtained on arrival of the MET are shown in Figure 2 . Data was missing for 27% of total databoxes with a range of 13% to 68% for the individual parameters. The least completed data fields were temperature, diastolic blood pressure and heart rhythm with a completion rate of 32%, 61% and 63% respectively. The triggering event for the MET being called is shown in Figure 3 . The most common MET triggers were unresponsiveness or seizures (23%), tachycardia (22%) and an EWS of 8 or more (20%). The top three triggers made up two-thirds of all MET calls. Tachypnoea (18%) and hypotension (9%) were also significant contributors. The underlying diagnoses of the events triggering the MET call are shown in Figure 4 . There were 1281 diagnoses listed for 795 MET calls (1.61 diagnoses per MET call). Neurological causes (30.7%), cardiovascular failure (26.7%), respiratory failure (22.6%), sepsis (19.2%), and atrial fibrillation (8.8%) made up the most common underlying conditions precipitating MET activation. Atrial fibrillation was associated with a rapid ventricular response in all bar one case (98.6%). One of the top four conditions was present in nearly all cases (99.2%).
Two thousand, five hundred and forty-two recorded interventions were performed (3.2 per MET call). These were divided into 1313 investigations (1.65 per MET call) and 1229 therapeutic interventions (1.55 per MET call). The most common investigations were obtaining an ECG (51.6%), venous blood sampling (36.4%), arterial blood gas sampling (29.3%), capillary blood sugar sampling (22.5%) and obtaining a chest X-ray (19.5%). The most common therapeutic interventions were medication administration (42.5%), high-flow oxygen administration (31.2%), volume resuscitation (26.4%), establishing intravenous or intraosseous access (18.0%), and maintaining a secure airway with airway adjuncts (not intubation) and bag-mask ventilation (14.6%). Anti-arrhythmics (13.1%), analgesia (10.3%), beta blockers (9.5%), frusemide (9.5%), and electrolyte replacement (8.5%) were the most common medications administered.
Other interventions were performed on 107 occasions (13.5%), mainly consisting of additional radiology orders (28.8%), non-invasive ventilation (12.6%) and emergency surgical procedures (11.7%) including tracheostomy, sternotomy and reopening of a wound.
We also assessed the most common underlying conditions associated with the different triggers, how these MET calls were managed according to their trigger, and which medications were administered (Table 1 ).
Discussion
Several of our findings are consistent with previously reported smaller datasets.
Incidence, caller, time of call
Nineteen percent of our patients received multiple MET calls, comparable to rates of 17% to 23% reported in an Australian study 16 . The observed 1.46-fold increase in frequency of MET calls per 1000 admissions with a concomitant 2.7-fold decrease in cardiac arrest rates is comparable to that demonstrated previously in multiple centres, including those in Australia 20, 21 and New Zealand 5 , although these were over longer time periods than our oneyear data sample. The decline observed in our dataset was not statistically significant. Our finding that medical staff initiated less than 5% of MET calls may be influenced by a variety of factors. Medical staff are less likely to obtain the vital signs from patients that trigger a MET call, may be less likely to escalate when they themselves are in attendance, or may be less supportive of a system that relies on an external team to manage their sickest patients 17 . The median time from admission to MET of two days suggests these are either patients who have deteriorated despite being treated for the condition for which they were admitted or that they have developed a new problem since admission.
The observed circadian nature of MET calls is consistent with a recent multicentre study, which reported peak activation at 1000 hours, a time when most eyes are likely to be on the patient 13 . This suggests the detection of deteriorating patients in acute hospital wards is strongly influenced by human factors, with these patients being found during scheduled visits or at the beginning or end of work shifts. This raises the question of the adequacy of monitoring of patients on hospital wards and whether an increased level of monitoring is required for certain patient groups 18 ; this contrasts markedly with the continuous monitoring of patients found in higher acuity areas such as operating theatres and the ICU 19 .
MET syndromes
The concept of 'MET syndromes' has been previously described 11 and can relate to the precipitating trigger for the MET review (such as unresponsiveness or hypotension), the underlying clinical condition (for example cardiovascular failure or sepsis), or the outcome of the MET call (which may encompass end-of-life care, escalation of expert care, or simply education). The syndrome concept allows categorisation of MET calls in terms of observable recurrent patterns with a small number of triggers. This not only facilitates pattern recognition and frequency gambling, but also allows prospective MET members to be better taught on what to expect as well as how to respond.
Our data supports the concept of MET syndromes with observed recurrent trigger clusters from commonly encountered underlying conditions. However, there appears to be some variation within the epidemiology of MET syndromes from different reported datasets. The most common MET triggers we observed included both single-parameter triggers (such as tachycardia) as well as composite scores (an EWS of 8 or more). Recent data suggest the latter are better at discriminating the risk of adverse outcome 22 and may be preferred.
Unresponsiveness or seizures, tachycardia, and an EWS of 8 or more were the most frequent triggers, accounting for two-thirds of all MET calls in our study. Other studies have reported differing triggers responsible for MET activation.
Jones 11 reported hypoxia (41%), altered conscious state (23%), tachycardia (19%), tachypnoea (14%), and oliguria (8%) as the most common triggers; Kenward 25 described altered conscious state, hypoxia, tachypnoea, hypotension and tachycardia, while Etter's review 24 found staff concern (29.5%), hypoxia (22.5%), hypotension (17.8%), abnormal respiratory rate (9.5%), decreased Glasgow Coma Scale score (8.2%), and abnormal heart rate (7.6%) as the most common triggers. The similarities across these studies from four different countries (New Zealand, Australia, England and Switzerland) suggest recurring patterns of deterioration within an inpatient population. Some differences may be explained by variances in the local afferent systems used to detect deterioration.
Few studies have reported on the underlying conditions causing MET review. A review of 400 MET calls in a single Australian centre over a seven-month period 11 reported cardiogenic pulmonary oedema, sepsis, and atrial fibrillation were reported as the most common causes of MET activation. In an earlier study of 522 MET calls including patients in an emergency department 23 , acute respiratory failure, status epilepticus, coma, and severe drug overdose were the most common causes. A recent Swiss study 24 reviewed 1628 MET calls and concluded that cardiovascular (21.1%), infectious (18.5%), respiratory (18.2%), and neurological (16.5%) causes were the most common. These compare with our findings of neurological causes (30.7%), cardiovascular failure (26.7%), respiratory failure (22.6%), sepsis (19.2%), and atrial fibrillation (8.8%) as the most common underlying conditions present at MET review. There were 1.61 conditions reported per MET call and one of the top four conditions was present in almost all cases (99.2%).
The investigations and interventions performed by the MET have not been reported in detail elsewhere. One Italian study 26 reported 1.6 interventions per patient with diagnostic examination (17%), non-invasive ventilation (14%) and blood tests (13%) being the three most common. Catecholamines accounted for 6% of drugs administered and antibiotics for 2%; neither of these were in the top five administered medications in our dataset. Such information on management and interventions performed by the MET can provide valuable information for ward staff to prevent or pre-emptively manage MET calls prior to MET criteria being reached and can also help to improve quality improvement initiatives. The heterogeneity witnessed between hospitals could be accounted for by differences in patient epidemiology or pathology, variance in hospital management protocols and the availability of diagnostic or therapeutic interventions. Heterogeneity within responding team composition may also have an effect upon investigations and performed interventions.
Strengths
Our study was prospective in nature and contains a large dataset of 795 sequential MET calls obtained over a one-year period. It adds information to what is known on mechanisms behind MET triggers and management by the MET. Data collection was by clinical experts (the PAR nursing team) and was contemporaneous with the events they describe, which acts to reduce recall bias. A simple standardised 'tick-box' based case report form minimised data recording errors.
Weaknesses
While data were collected by clinical experts after the MET call, the risk of recording bias is present albeit mitigated by a simple recording system. In certain cases, data entry was incomplete and therefore excluded from the analysis, which could affect results. All data were obtained in a single large New Zealand metropolitan centre containing tertiary specialties (such as cardiothoracic and neurosurgery), which may limit its external validity when compared to either other healthcare systems or smaller hospitals within New Zealand.
Conclusion
In this prospective study of 795 MET calls there were an average of 1.26 MET calls per patient from an average of 1.1 MET triggers and 1.61 underlying conditions. Each patient subsequently received an average of 1.7 investigations and 1.6 therapeutic interventions per MET attendance.
Our data strongly support the concept of a MET syndrome where the majority of reasons for attendance by a MET are due to a small number of recurrent conditions that are triggered by either single deranged parameters or composite scores. The investigations and management initiated by the MET show patterns consistent with the triggering condition. This information could be used to inform the design of systems used to detect deteriorating patients, as well as in the training of medical and nursing staff who are members of the MET. 
